Neuropeptides are implicated in many tumors, breast cancer (BC) included. Preprotachykinin-I (PPT-I) encodes multiple neuropeptides with pleiotropic functions such as neurotransmission, immune͞hematopoietic modulation, angiogenesis, and mitogenesis. PPT-I is constitutively expressed in some tumors. In this study, we investigated a role for PPT-I and its receptors, neurokinin-1 (NK-1) and NK-2, in BC by using quantitative reverse transcription-PCR, ELISA, and in situ hybridization. Compared with normal mammary epithelial cells (n ‫؍‬ 2) and benign breast biopsies (n ‫؍‬ 21), BC cell lines (n ‫؍‬ 7) and malignant breast biopsies (n ‫؍‬ 25) showed increased expression of PPT-I and NK-1. NK-2 levels were high in normal and malignant cells. Specific NK-1 and NK-2 antagonists inhibited BC cell proliferation, suggesting autocrine and͞or intercrine stimulation of BC cells by PPT-I peptides. NK-2 showed no effect on the proliferation of normal cells but mediated the proliferation of BC cells. Cytosolic extracts from malignant BC cells enhanced PPT-I translation whereas extracts from normal mammary epithelial cells caused no change. These enhancing effects may be protein-specific because a similar increase was observed for IL-6 translation and no effect was observed for IL-1␣ and stem cell factor. The data suggest that PPT-I peptides and their receptors may be important in BC development. Considering that PPT-I peptides are hematopoietic modulators, these results could be extended to understand early integration of BC cells in the bone marrow, a preferred site of metastasis. Molecular signaling transduced by PPT-I peptides and the mechanism that enhances translation of PPT-I mRNA could lead to innovative strategies for BC treatments and metastasis.
S
oluble factors such as neurohormones and neurotransmitters interact to maintain biological homeostasis (1) (2) (3) (4) (5) . Neuroendocrine functions are associated with the development of breast cancer (BC), the second leading cause of cancer death (6, 7) . The molecular pathways within the neuroendocrine system that lead to BC are complex and need dissection. In this study we determine the role of preprotachykinin-I (PPT-I) peptides in BC. PPT-I is associated with the neuroendocrine system and is constitutively expressed in some cancer cells and, interestingly, in bone marrow (BM) stromal cells (8) (9) (10) (11) (12) . Because PPT-I peptides are also hematopoietic modulators, their implication in BC may be relevant to integration in the BM, a preferred site of metastasis. Finding common mechanisms in BC development and metastasis would lead to novel therapeutic strategies.
Communication among different organs may partly explain neuroendocrine influence on cancer development (13) (14) (15) (16) (17) . PPT-I peptides, such as substance P (SP) and neurokinin A, are examples of soluble factors that may mediate this cross-talk among different organs (18) (19) (20) . Through various mechanisms, PPT-I may be involved in cancer development and metastasis. These include angiogenesis, enhancement of cell invasiveness, metastasis, and promotion of cancer survival (21) (22) (23) (24) . Receptors for PPT-I peptides are targets in experimental cancer treatment (10) . Also, PPT-I expression could be affected by neuroendocrine-related events that are implicated in cancer development (13, 25, 26) .
In this report, we investigate a role for PPT-I and its receptors, NK-1 and NK-2 (27) , because this may lead to identification of novel therapeutic targets. BC cell lines (n ϭ 7) and malignant breast biopsies showed increase expression of PPT-I, NK-1, and NK-2. Only the latter was up-regulated in normal cells. We found that BC cells produce high levels of SP immunoreactivity (SP-IR) that did not correlate with low steady-state ␤-PPT-I. By an in vitro translation assay, we showed that cytosolic extracts from BC cells enhance ␤-PPT-I translation. Similar effects were not detected with extracts from normal mammary epithelial cells. To determine whether these factors are unique to ␤-PPT-I, we studied the effects on IL-1␣, IL-6, and stem cell factor (SCF) translation. The results showed increase rate of IL-6 translation and no change in IL-1␣ and SCF.
Because PPT-I peptides are mitogenic (5), we next determined whether their increase in BC cells could mediate autocrine and͞or paracrine cell proliferation by using specific NK-1 and NK-2 antagonists. The results showed that these antagonists, either alone or together, blunted the proliferation of BC cell lines. These observations suggest that NK receptors may be partly responsible for mediating the proliferation of BC cell lines. Together, these studies provide multiple targets that could lead to new therapies.
Materials and Methods
Cell Lines. The following cell lines were purchased from American Type Culture Collection and cultured according to their instructions: ZR-75-30, infiltrating ductal carcinoma from ascites fluid; BT-474, ductal carcinoma; T-47D, ductal carcinoma from pleural effusion; MDA-MB-330, breast carcinoma from pleural effusion; 184B5, chemically transformed mammary epithelial; DU4475, breast carcinoma; BT 483, ductal carcinoma; MCF-12A and Hs578Bst, normal breast epithelial cells; CCL-64, Mink Lung epithelial; L929, murine fibroblast; MDBK, bovine epithelial kidney cell.
Alkaline phosphatase (AP)-conjugated goat anti-rabbit IgG and goat anti-mouse IgG were purchased from Kirkegaard & Perry Laboratories. AP-conjugated swine anti-goat IgG was obtained from Boehringer Mannheim. Hoffman-La Roche provided rhIL-1␣.
Reagents. SP, streptavidin, and BSA were purchased from Sigma. PBS, pH 7.4, was purchased from Mediatech (Herndon, VA). Substrate for AP, 5-bromo-4-chloro-3-indolyl-phosphate͞ nitroblue tetrazolium was obtained from Kirkegaard & Perry Laboratories. Pfizer provided NK-1 receptor antagonist, CP-96,345-1, and Sanofi (Paris) provided NK-2-specific antagonist, SR 48968 (21) . Antagonists and SP were dissolved and stored as described (21) .
Quantitation of SP-IR.
Competitive ELISA quantitated SP-IR in supernatants from cultures that were 80% confluent. Samples were stored in siliconized tubes at Ϫ70°C until ready to be assayed. Streptavidin (100 l at 5 g͞ml in distilled water) was added to Immulon 96-well plates (Dynatech) and then dried at 37°C. After this, wells were blocked with 5% nonfat dry milk for 2 hr at room temperature and then washed with PBS containing 0.1% Tween-20 (PBS-T). Chiron Mimotopes synthesized biotinylated SP, with spacer arm. Stock solution was diluted in 0.1% (vol͞vol) acetic acid at 5 mg͞ml, aliquoted in siliconized tubes, and stored at Ϫ70°C. Working solution was diluted at 750 ng͞ml with PBS containing 0.1% (wt͞vol) BSA and 0.1% (wt͞vol) sodium azide.
Biotinylated-SP (100 l) was added to wells and plates incubated for 1 hr at room temperature. Plates were washed (4ϫ) with PBS-T. Competition by the mobilized and soluble SP for anti-SP forms the basis for the next step. Equal volumes (50 l) of optimum rabbit anti-SP (1͞15,000) and unknown or standard solution were added to wells. Plates were incubated at room temperature for 1 hr. Each unknown was assayed in triplicate as undiluted and three serial dilutions. Bound anti-SP was detected by incubating for 1 hr with optimum (150 ng͞ml) AP-goat anti-rabbit IgG. Color was developed with Sigma 104 phosphatase substrate as described (21) . A standard curve was developed with OD (405 nm) vs. 12 serial dilutions of standard SP that ranged from 100 to 0.08 ng͞ml. Controls included quadruplicate wells with anti-SP, PBS (total), and background (anti-SP omitted). . The profile for each cycle was 95°C for 30 sec, 60°C for 30 sec, and 72°C for 1 min. Reactions were subjected to a final extension at 72°C for 7 min. PCR products (10 l) were separated by electrophoresis on 1.5% agarose containing ethidium bromide. Band intensities were quantitated with a Fluorimager (Molecular Dynamics), and data were analyzed with IMAGEQUANT software. Amplicon sizes were verified by comparison with either a 1-kb DNA ladder, DNA͞HindIII fragments, or a low-DNA mass ladder, all purchased from Life Technologies.
DNA standards were prepared with a PCR MIMIC construction kit (CLONTECH). Gene-specific primers (GSP) were synthesized at the Molecular Resource Facility, University of Medicine and Dentistry of New Jersey-New Jersey Medical School (Newark). GSP for PPT-I, 5Ј-AAT TTA CCT GTC ATT GCC C-3Ј (sense), and 5Ј-AGC CCT TTG AGC ATC TTC -3Ј (antisense) span exons 3 and 7 of ␣-PPT-I (261 bp), ␤-PPT-I (315 bp), and ␥-PPT-I (270 bp) (18) . PPT-I standard (157 bp) was constructed with 20 gene-specific nucleotides adjacent to the sense and antisense primers and MIMIC DNA in the center. Standard NK-2 (150 bp) was constructed as for PPT-I, and the primers 5Ј-AGT CTC CTT AGT GTG ACA CC-3Ј (sense) and 5Ј-CTA CCA CCT CTA CTT CAT CC-3Ј (antisense) span 274 bp (28) . NK-1 primers 5Ј-CTG CTG GAT AAA CTT CTT CAG GTA G-3Ј (sense) and 5Ј-AGG ACA GTG ACG AAC TAT TTT CTG G-3Ј (antisense) span 665 nt (29) . GSP in NK-1 standard (437 bp) were adjacent to the neutral DNA.
Preparation of BM Stroma. BM stroma was prepared as described (21) . Briefly, BM aspirate was obtained from the posterior iliac crest of normal healthy volunteers after obtaining informed consent. BM cells were cultured in 25-cm 2 tissue culture flasks (Falcon 3109; Becton Dickinson Labware) at 33°C for 3 days. After this, granulocytes and red cells were removed by Ficoll͞ Hypaque (Sigma) density gradient and the mononuclear fraction was replaced into flasks. Cultures were reincubated until confluence with weekly replacement of 50% stromal medium.
Isolation of Poly(A) RNA. Confluent BM stroma was stimulated with 25 ng͞ml rhIL-1␣ or 10 ng͞ml SCF for 24 hr. Poly(A) RNA was isolated from total RNA by selection (2ϫ) on oligo(dT) cellulose (Life Technologies). Column was washed with 10 mM Tris, pH 7.0͞0.5 M NaCl͞1 M EDTA followed by another wash with 10 mM Tris, pH 7.0͞0.2 M NaCl͞1 M EDTA. Poly(A) RNA was eluted with 10 mM Tris, pH 7.0͞1 M EDTA. RNA was precipitated by standard techniques and then resuspended in diethyl pyrocarbonate-treated water. The purity was verified by the absence of rRNA.
In Vitro Translation. In vitro translation of PPT-I mRNA was performed with poly(A) RNA from stroma stimulated with IL-1␣ or SCF (19, 30) . By quantitative RT-PCR, we found that IL-1␣ and SCF induced 250,100 Ϯ 980 (n ϭ 6) and 134,340 Ϯ 545 (n ϭ 6) molecules of ␤-PPT-I͞g poly(A), respectively. We verified the presence of IL-1␣, IL-6, and SCF mRNA in each preparation of poly(A) RNA (n ϭ 3) by Northern analysis. Translation reactions were performed in siliconized tubes with 50 l of the following: rabbit reticulate lysate system (Promega), 0.5 g poly(A) RNA, 20 M Met-free amino acid mixture (Promega), and 40 Ci L-[ ELISA was used to quantitate SP-IR, SCF, IL-6, and IL-1␣ (32) using 2 l of reaction mixture. The remaining mixture was used for immunoprecipitation of SP. Proteins were precipitated in the 2-l sample with trichloroacetic acid (Sigma). Precipitates were pelleted, washed (5ϫ) with PBS, dried, redissolved in 10 l of sterile, distilled water, and then quantitated for total proteins by using a microassay (Bio-Rad). SP-IR levels are expressed per g of poly(A) RNA.
Immunoprecipitation and Western Blot. Immunoprecipitation and Western blots were performed as described (31) . Briefly, equivalent protein (1 g) from each translational reaction was incubated at 4°C overnight with anti-SP (1͞15,000), anti-hSCF (1 ng͞ml), anti-IL-1␣ (1 g͞ml), or anti-hIL-6 (1 g͞ml). Control reactions were incubated with nonimmune, species-specific IgG. Immune complexes were selected by incubating at 4°C for 6 hr with protein A-Sepharose CL 4B (Sigma). After this, protein A-Sepharose was centrifuged at 4°C for 30 min at 10,000 ϫ g. Pellets were washed with PBS, resuspended in sample buffer, and then electrophoresed on 16% SDS͞PAGE. Positive control lanes contained SP, IL-1␣, or SCF. Proteins were electrophoretically transferred to Immobilon-P membranes (Millipore) and then incubated with anti-SP (1͞15,000), anti-SCF (1 ng͞ml), anti-IL-6 (1 g͞ml), or anti-IL-1␣ (1 g͞ml). Membranes were washed and then incubated with the appropriate AP-conjugated second antibody (50 ng͞ml). Color was developed with 5-bromo-4-chloro-3-indolyl-phosphate͞nitroblue tetrazolium. The M r of developed bands was compared with prestained low-range protein standards (Diversified Biotech). Sections were deparaffinized by the following sequential steps: 56°C overnight, xylene (2 ϫ 5 min), 99% ethanol (2 ϫ 1 min), 95% ethanol (2 ϫ 1 min), and diethyl pyrocarbonate (DEPC)-treated water (1 ϫ 5 min). All incubations were performed at room temperature. This was followed by rehydration in 2ϫ SSC at 37°C for 30 min. Sections were washed with DEPC-treated water for 5 min at room temperature and then incubated with 30 g͞ml proteinase K for 1 hr at 37°C. Negative control slides were incubated with 100 g͞ml RNase for 30 min at 37°C. Enzyme activities were stopped with 0.4% paraformaldehyde in PBS. Cells were prehybridized at 37°C for 1 hr in equal volumes of prehybridization solution (5 Prime 3 3 Prime) and formamide and 10 mg͞ml salmon sperm (5 Prime 3 3 Prime). Cells were hybridized at 37°C for 24 hr with 200 ng͞ml oligonucleotide cocktail. After this, sections were washed sequentially for 5 min at 37°C in the following buffers: 4ϫ SSC͞30% formamide, 2ϫ SSC͞30% formamide, and 0.2ϫ SSC͞30% formamide. Sections next were incubated for 1 hr at room temperature with 1.25 g͞ml avidin-AP (Boehringer Mannheim). Control slides were incubated with a mixture of sense oligomers. AP was developed with 5-bromo-4-chloro-3-indolyl-phosphate͞ nitroblue tetrazolium. Slides were counterstained with Harris Modified Hematoxylin (Fisher Scientific) and then examined with an Olympus Bx40 microscope (New Jersey Scientific, Middlebush, NJ).
Cell Proliferation. Clonogenic assays, in 1.2% methylcellulose, were used to study BC cell proliferation in the presence of specific NK receptor antagonists. Duplicate cultures contained optimal concentrations of NK-1, NK-2, or both antagonists. Dose-response and time-course studies with various concentrations of antagonists (100-0.001 nM) indicated 1 nM antagonist and 2-week incubation as optimal parameters. Assays performed with various concentrations of cells indicated 10 3 ͞ml as optimum. Antagonists were stored at 0.1 M in DMSO and then dissolved in medium immediately before adding to assays. Clonogenic cultures were performed in medium appropriate for the particular cell line. Baseline cultures contained medium with or without DMSO. The latter was diluted similar to the antagonist. Cultures were incubated at 37°C, and, at week 2, colonies with more than 10 cells were enumerated. Regardless of experimental conditions, each colony contained an average of 20 cells. Because colonies in medium control, with or without DMSO, were comparable, their averages were normalized to 100%, hereafter referred as medium control.
Statistical Analysis. Data were analyzed by using the Student's t test to determine the significance (P value) between experimental values.
Results
Expression of PPT-I, NK-1, and NK-2 in BC Cells. We studied PPT-I, NK-1, and NK-2 expression in BC cell lines and breast biopsies. In the initial studies, we determined the production of SP-IR by BC cells (n ϭ 7), normal mammary epithelial cell lines (n ϭ 2), and unrelated cell lines CCL-64, MDBK, and L929. In eight different passages, SP-IR levels were Ͼ7-fold in BC cells than in normal mammary epithelial cells (Table 1) . SP-IR was not detected in the culture medium of unrelated cell lines (Table 1) . Because SP is the major PPT-I peptide, its high levels prompted us to determine whether enhanced production of SP-IR correlated with steady-state PPT-I mRNA by using quantitative RT-PCR.
Amplicons from RT-PCR were 315 bp, consistent with the size of ␤-PPT-I (18). The average levels of ␤-PPT-I in BC cell lines were 53 molecules͞g total RNA (Table 2) . Normal mammary epithelial cells showed undetectable PPT-I, Ͻ1 molecule͞g total RNA ( Table 2 ). The results indicate that PPT-I is highly expressed in BC cell lines and that the predominant transcript is ␤-PPT-I.
We next determined the levels NK-1 and NK-2 mRNA by quantitative RT-PCR and found that both were increased in BC cells (Table 2) . Consistent with other normal cells (20, 21) , NK-1 mRNA was not detected in normal mammary epithelial cells but NK-2 mRNA levels were elevated (Table 2) . When compared with MCF-12A and Hs578Bst, NK-2 mRNA levels were reduced (P Ͻ 0.5) in four BC cells and increased (P Ͻ 0.5) in two BC cells (Table 2 ). Similar variability also was observed for NK-1 ( Table  2 ). In summary, NK-1 and PPT-I mRNA levels in BC cells were increased significantly (P Ͻ 0.05) when compared with normal mammary epithelial cells. Although variable, NK-2 levels nonetheless were high in normal and malignant mammary epithelial cells. Expression of PPT-I, NK-1, and NK-2 in Breast Biopsies. Because cell lines undergo multiple passages, we next determined whether expression of PPT-I, NK-1, and NK-2 also were increased in malignant breast biopsies (n ϭ 25). Comparison was made with benign tissue (n ϭ 21). By in situ hybridization, we observed that PPT-I, NK-1, and NK-2 expression was increased in all malignant tissues (representative results shown in Fig. 1 A-C) . In benign tissues, PPT-I and NK-1 mRNA were not detected (represented in Fig. 1E ) whereas NK-2 mRNA was high (Fig. 1D) . Sense oligonucleotide showed no signal in either malignant or benign tissue (Fig. 1F) . Immunohistochemical studies for SP-IR indicated positive staining for malignant tissues and negative staining for benign tissues (data not shown). Regardless of whether malignant cells are primary or cell lines, expression of PPT-I, NK-1, and NK-2 is consistent ( Fig. 1 and Tables 2 and 3 ).
Translational Rate of ␤-PPT-I. Although increased, the levels of PPT-I mRNA in BC cells (Table 2 ) did not correlate with high levels of SP-IR (Table 1) . We next investigated whether the increase in SP-IR may be caused by increased translation of ␤-PPT-I by using an in vitro assay that contained soluble cytosolic extracts from either BC cells or MCF-12A. Because IL-1 induces PPT-I in BM stroma (19, 30) , poly(A) RNA from IL-1␣-stimulated BM stroma was used as PPT-I mRNAcontaining substrate. Before each assay, we verified the level of PPT-I mRNA in quantitative RT-PCR (discussed in Materials and Methods). Because each PPT-I transcript can produce SP (18), we used its level as the read-out to study the rate of PPT-I mRNA translation. In six different experiments (ϮSD), we found that SP-IR was increased 40 Ϯ 3-and 30 Ϯ 2-fold more in the presence of cytosolic extracts from BC cells than extracts from MCF-12A (Table 3) .
To further confirm that SP is present in the translation reactions, we performed immunoreactive techniques. We used equivalent quantities of proteins to immunoprecipitate SP. Immune complexes were analyzed in Western blots to determine whether the precipitates were consistent with the predicted size of SP. Fig. 2 represents the results of three different experiments. In reactions without cytosolic extract, a light band was developed (lane 3). Cytosolic extracts from BC cells (lanes 4-7) showed strong bands. In contrast, no band was visible in reactions performed with extracts from MCF-12A (lane 8). Fig. 1 . In situ hybridization for PPT-I, NK-1, and NK-2 mRNA in breast biopsies. PPT-I, NK-1, and NK-2 mRNA was studied by in situ hybridization with tissues from paraffin-embedded breast biopsies. A representative stain from different benign (n ϭ 21) and malignant (n ϭ 25) tissues is shown at ϫ1,000 magnification. Tissues were hybridized with oligonucleotides specific for NK-1 (A), NK-2 (B and D), or ␤-PPT-I (C). E represents benign sections hybridized for NK-1 or ␤-PPT-I, and F shows the staining pattern with sense oligonucleotides from benign or malignant tissues. ␤-PPT-I, NK-1, and NK-2 mRNA were determined by quantitative RT-PCR with 2 g total RNA from malignant (n ϭ 6) or normal mammary (n ϭ 2) epithelial cells. The result of each cell line is the mean of 10 passages. *, P Ͻ 0.05 vs. normal cells. In vitro translation was performed in the presence or absence of cytosolic extracts from mammary epithelial cells. ELISA determined translated SP-IR͞g poly(A). Each point is the mean (ϮSD) of six experiments for SP-IR and three for IL-1␣, IL-6, and SCF, poly(A)RNA from a different donor, and cell extracts from a different cell passage.
We next determined whether the putative translational factors in the cytoplasm of BC cells were unique to PPT-I mRNA. We studied the translation rate for IL-1␣, IL-6, and SCF. For SCF, we used poly(A) RNA from IL-1␣-stimulated stroma because this cytokine is expected to induce SCF. For IL-1␣ and IL-6, we isolated poly(A) RNA from SCF-stimulated stroma. Immune complexes, analyzed in Western blots, showed no band for IL-1␣ and SCF. However, translation was increased for IL-6. ELISA was used to quantitate these results ( Table 3) . The results described in this section show that cytosolic extracts from BC cells increase SP-IR and IL-6 in an in vitro translation system. No effect was observed for SCF and IL-1␣. (Tables 1 and 2 ) led to the next set of experiments. Using clonogenic assays, we determined whether PPT-I peptides, endogenously produced by BC cells, could induce their proliferation. In six different experiments, we found that NK-1 or NK-2 antagonists reduced BC cell proliferation to approximately 40% of media control (Table  4 ). In the presence of both antagonists, cell proliferation was reduced to 20% (Table 4 ). The results suggest that the effects of each antagonist may be additive. No significant difference (P Ͼ 0.5) was observed in cultures with normal mammary epithelial cells (MCF-12A and Hs578Bst). Because colonies were not reduced to zero, we concluded that the antagonists were blunting rather than inhibiting cell proliferation. The data indicate that alone, NK-1 and NK-2 antagonists blunted the proliferation of BC cell lines and, together, they exert more potent, albeit not total inhibition. Reduced colonies were not a result of antagonist-induced necrosis because suspension cultures with BC cells in the presence of antagonist were Ͼ99% viable by trypan blue exclusion.
Role of PPT-I Peptides in the Proliferation of BC Cells. Increased expression of PPT-I and NK-1 in BC cells

Discussion
We show a potential role for PPT-I and its receptors, NK-1 and NK-2, in BC. Considering that these genes are involved in neuroendocrine functions, this study may partly explain the molecular link between the neuroendocrine system and BC. The exhaustive literature on cancer development indicates complex, multifold mechanisms. Regardless of the mechanism, a commonality among cancers is the inappropriate expression of several genes. The basic question addressed in this study is the extent of PPT-I involvement in BC development. Indeed, we show that PPT-I, NK-1, and NK-2 expression is increased in BC cell lines and breast biopsies (Tables 1 and 2 and Fig. 1 ). Inference from these findings supports PPT-I peptides as a possible link between the neuroendocrine system and BC.
The relevance of increased production of neuropeptides to tumorigenicity would be supported by the simultaneous expression of its respective receptor. In this study, we have demonstrated high expression of the genes that encode the ligands (PPT-I) and their receptors (NK-1 and NK-2) in BC cell lines (Tables 1 and 2 ). Furthermore, we observed that specific NK-1 and NK-2 antagonists blunt the proliferation of BC cells (Table  4) . Findings of two specific neurokinin antagonists being inhibitory to BC cell proliferation is intriguing and opens an avenue for research that could lead to new therapeutic targets. Although MDA-MB330 and T47D express approximately 100-fold more NK-1 than the other cell lines (Table 2) , the effects of NK-1 antagonist on their proliferation were comparable to the cell lines with less NK-1 mRNA (Table 4 ). This may be explained by a similar level of proteins. Because SP and NK-A bind with different affinity to NK-1 and NK-2, this question would be difficult to address. Furthermore, there are no defined blocking antibodies for human NK-1 and NK-2 to study receptor density. Preliminary studies indicate that the antagonists inhibit BC cell proliferation in the G 2 phase of the cell cycle (unpublished data). Further studies in this area could provide additional targets for cancer treatments because the G 2 phase of the cell cycle is associated with cyclin B (33) that has been suggested to precede apoptosis (34) .
Lack of correlation between levels of ␤-PPT-I and SP-IR could be explained by an increased rate of translation (Table 3 and Fig. 2 ). We also found that cytosolic factors from BC cells increased IL-6 translation with no effect on SCF and IL-1␣. These results left the unanswered, but intriguing question of whether the putative translational factors are involved in the dysregulation of multiple genes in BC. Of importance is lack of translational activity in the cytosolic extracts from normal mammary epithelial cells (Table 3 and Fig. 2, lane 8) . Because of the lack of specific antibodies for human NK-1 and NK-2, we are unable to study whether their translation is also affected.
PPT-I peptides and͞or those in combination with other soluble factors could mediate tumor progression. NK receptors may also have a role in tumor progression. Although NK-2 suppresses or has no effect on the proliferation of normal cells (refs. 19 and 22; Table 4 ), it enhances the proliferation of BC cells (Table 4) . Examination of NK-2 levels in BC cells could lead to inference on its role in their proliferation. In three BC cells studied (ZR-75-30, BT-474, DU4475), NK-2 expression was significantly less than that in normal mammary epithelial cells (Table 2) . This is consistent with other studies that showed a requirement for NK-2 to be down-regulated so that NK-1 can effectively enhance cell proliferation (19) . Despite reduced NK-2 mRNA in the three BC cell lines, NK-2 nevertheless mediates their proliferation (Table 4 ). This suggests that NK-1 and NK-2 may be using novel mechanisms to mediate cell proliferation in BC cells. Additional studies will determine whether the density of membrane-bound NK receptor is relevant to BC cell prolif- Clonogenic assays were performed in the presence or absence of 1 nM CP-96,345, SR 48968, or both. Colonies with more than 10 cells were enumerated and are the mean of four experiments (ϮSD). Each experimental point is the average of duplicate cultures. The percentages of colonies in medium alone are shown in parentheses.
eration. The data presented in Figs. 1 and 2 indicate that increased expression of NK-1 and NK-2 in BC cells is similar to malignant breast biopsies. However, detailed studies regarding the kinetics of NK receptor expression in BC cells and their correlation with the stages of BC are required. Identification of NK receptor subtype (27) in BC cells would lead to a better understanding of the molecular signals transduced by PPT-I peptides.
Neoangiogenesis, a hallmark of tumor development, has been associated with increased tissue innervation and expression of NK receptors (35) . Therefore, the current studies not only provide areas for therapeutic intervention but also may provide markers of tumor progression. Because PPT-I peptides are also neurotransmitters, increased nerve fibers in tumors could be significant to the rate of tumor development and metastasis. Of interest is the relevance of PPT-I to hematopoietic regulation (19) . This and other functions of PPT-I peptides suggest that their increased expression in BC cells may allow homing, integration, and eventual disruption to the BM microenvironment. PPT-I also is overexpressed in other cancers similar to our findings in this study (8) (9) (10) (11) (12) . Therefore, future studies with other cancer cells would be important because this may be relevant to BM metastasis, a common occurrence in cancer. Furthermore, the cancers, e.g., lung, that showed overexpression of PPT-I also metastasize to the BM (11, 36) . Overall, these and other studies (37, 38) indicate that detailed dissection of the neuroendocrinetumorigenic pathways may prove to be important for effective therapeutic interventions in BC development and metastasis to its preferential site, BM.
